Introduction: It remains controversial on high risks for early breast cancer patients with one to three axillary nodes after mastectomy who is predisposition to locoregional recurrence. The present study is to investigate the relationship between primary tumor site and loco-regional recurrence (LRR) and explore the predictive value of clinicopathological characteristics in LRR for early breast cancer patients with one to three positive axillary lymph nodes after mastectomy. Methods: We reviewed the clinical data of 656 consecutively diagnosed patients with pT1-2N1M0 breast cancer who were treated in Sun Yat-sen University Cancer Center with radical operation without postoperative radiotherapy between March 1998 and December 2010. The primary tumor sites included outer quadrant in 455 patients (69.36%), inner quadrant in 156 patients (23.78%)and central quadrant in 45 patients (6.86%). LRR and LRR-free survival (LRFS) in combination with clinical and pathological features were analyzed to screen out patients with higher risk of LRR. Results: The median follow-up time was 64.9 months. The 5-, 10-year LRR for the cohort was 8.6% and 12.9%, respectively; the 5-, 10-year LRFS was 86.2% and 76.4%, respectively. Multivariate analyses showed that age of ≤35 years, inner quadrant tumor and non-luminal subtype were independent risk factors for LRR and LRFS. Patients with primary tumor in inner quadrant showed higher LRR and poorer LRFS when risk factors are ≥2 than those with tumors in other sites. Conclusions: Inner quadrant tumor was an independent predictor for LRR and LRFS in patients with early breast cancer and one to three positive axillary lymph nodes, which would be more accurate in combination with other prognostic indexes including patients' age, pathological T stage, Ki67 status, molecular subtypes.
Introduction
Whether patients with pT 1-2 N 1 M 0 breast cancer treated with radical mastectomy or modified radical mastectomy could benefit from postoperative radiotherapy has not been confirmed by large
Ivyspring
International Publisher prospective randomized clinical study [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The Early Breast Cancer Trialists' Collaborative Group (EBCT-CG) [12] in 2014 has reported that post-mastectomy radiotherapy to patients with one to three axillary nodes reduced recurrence and breast cancer mortality even when patients were administered with systemic chemotherapy in a meta-analysis. However, it still remains controversial on high risks for early breast cancer patients with one to three axillary nodes after mastectomy who is predisposition to locoregional recurrence. The present study is to investigate the relationship between primary tumor site and locoregional recurrence (LRR) and explore the predictive value of clinicopathological characteristics in LRR for early breast cancer patients with one to three positive axillary lymph nodes after mastectomy.
Materials and Methods

Patient Selection
Patients with early stage breast cancer who received radical mastectomy or modified radical mastectomy were consecutively recruited between March 1998 and December 2010. All patients were performed pretreatment tests including mammography, ultrasonography on breast and axilla. The inclusion criteria are as follows: (1) Neither neoadjuvant chemotherapy nor other anti-tumor therapy was administered before operation; (2) Standard radical or modified radical mastectomy was performed; (3) No postoperative radiotherapy was delivered; (4) The postoperative pathologic stage was pT1~2N1M0 according to UICC/AJCC TNM staging classification (2010); (5) The resection margin was negative with complete immunohistochemistry data; (6) No history of other malignancy.
There were 656 patients who were eligible, aging from 23 to 82 years (median 49). Among them, 302 patients (46.04%)were premenopausal, 69 (10.52%) perimenopause and 285 (43.44%) postmenopausal. The primary tumor site was divided into the outer quadrant (OQ), inner quadrant (IQ) and central quadrant (CQ). OQ was defined as the lateral part of bilateral breast, from 12 o 'clock direction to 6 o 'clock in left breast and from 6 o 'clock direction to 12 in right breast. IQ was defined as the interior part of bilateral breast, from 6 o 'clock direction to 12 o 'clock in left breast and 12 o 'clock direction to 6 in right breast. CQ includes the nipple and areola complex.
The primary tumor sites included OQ in 455 patients (69.36%), IQ in 156 patients (23.78%)and CQ in 45 patients (6.86%). The surgical procedure included standard radical mastectomy (Halsted operation) in 104 patients (15.85%) and modified radical mastectomy (Auchincloss or Patey operation) in 552 patients (84.15%).
The axillary dissection has demonstrated with median lymph nodes of 15 ranging from 2 to 42 and 583 patients (88.87%) presented with more than 10 axillary lymph nodes. Postoperative pathological diagnosis was made as infiltrating ductal carcinoma in 647 patients (98.63%), invasive lobular carcinoma and medullary carcinoma in 9 patients. Lymphovascular invasion was detected in 20 patients (3.05%).
Pathological parameters
(1) Estrogen/Progestogen receptors (ER/PR) IHC techniques were used to measure ER and PR status from paraffin-embedded tissue sections. ER/PR positive was defined as ≥10% positive cells by IHC in semi-quantitative detection; while ER/PR markers presented in ≥1% was considered to be positive in quantitative detection. The positive expression of ER/PR was detected in 522 patients (79.57%) and negative in 134 patients (20.43%). The expression levels of Ki67 and p53 were determined by IHC analyses. Tissues were fixed in 10% formaldehyde for 24 hours, then embedded in paraffin and cut into 5-um sections. All sections were adherent to APES coated slides and dried at 60℃ for 2 hours [13] . Quantitative detection of Ki67 was performed in 270 patients (41.16%) and semiquantitative detection in 371 patients (56.55%). In semi-quantitative detection, the percentage of positive cells <10% was considered to be negative, 10%-25% as weak positive (1+), 26%-50% as positive (2+) and >50% as strong positive (3+ [14] . Luminal subtype was defined as ER (+) and/or PR (+) and non-Luminal subtype was defined as ER (-) and PR (-). There were 522 patients (79.57%) with luminal subtype and 134 cases (20.43%) with non-Luminal subtype.
Postoperative chemotherapy
614 patients received postoperative chemotherapy with a median of 6 cycles (range, 1-8 cycles) and 486 patients (79.15%) completed 6 or more cycles of chemotherapy. The regimens for chemotherapy were CAF (cyclophosphamide and epirubicin/doxorubicin and fluorouracil) in 263 patients (42.83%), TA (docetaxel/taxanes and epirubicin/doxorubicin) in 236 patients (38.44%), CMF regimen (cyclophosphamide, methotrexate and fluorouracil) in 40 paitents (6.51%), CA (cyclophosphamide and epirubicin/ doxorubicin) in 32 patients (5.21%), CMO regimen (cyclophosphamide, mitomycin and vinblastine) in 30 patients (4.89%) and other regimen in 13 patients (2.12%).
Hormonal therapy
450 patients received endocrine therapy after mastectomy, including tamoxifen, toremifene or aromatase inhibitors. At the latest follow up, 188 patients (41.78%) were treated with endocrine drug less than 3 years, 200 cases (44.44%)with 3 to 5 years and 62 cases (13.78%) with more than 5 years.
Statistical analysis
The median follow-up time was 64.9 months. Loco-regional recurrence (LRR), distant metastasis (DM) and survival status were documented. LRR was defined as recurrence presented at the ipsilateral chest wall or axillary, supraclavicular, subclavian or internal mammary lymph node proven histologically, no matter if there was distant metastasis. Primary end points were LRR and LRR-free survival (LRFS). A survival curve was constructed using the Kaplan-Meier method, and the groups were compared using the log-rank test. P values <0.05 were considered as statistically significant. All statistical analyses were performed using SPSS Statistics (Version 19.0).
Results
The survival and recurrence status
The overall follow-up rate was 95.3%. There were 416 patients were followed up for more than 5 years and 191 patients for more than 10 years. The 5-, 10-year LRR for all patients is 8.6% and 12.9%, respectively; the 5-, 10-year LRFS is 86.2% and 76.4%, respectively (Fig. 1) a median LRR time of 32.4 months (rang 2.5~98.4 months), the specific locations of LRR and DM are summarized in Table 1 . The supraclavicular and internal mammary lymphoma nodes (IMLN) LRR rate of patients with primary tumor in inner quadrant was significant higher than that of patients with outer or central quadrant tumor location (11.4% vs. 3.7%, p<0.001), but there was no significant difference in chest wall LRR between the two groups. 
Prognostic factors
Clinical and pathological features were evaluated for prognostic significance against LRR and LRFS ( Figure 2 . Loco-regional recurrence probability for patients with one to three positive axillary lymphadenopathy stratified into low-, medium-and high-risk loco-regional recurrence. 
Prognosis of patients with different risk factors
According to the five factors which significant effect on LRR and LRFS (age, primary tumor site, pathological T stage, Ki67 status and molecular subtypes), all patients were divided into three groups: low-risk group (patients with 0-1 risk factors, n=302), medium-risk group (with 2-3 risk factors, n=336) and high-risk group (with 4-5 risk factors, n=18). The 5-year LRR for low-, medium-, high-risk groups were 4.0%, 11.1% and 51.3% (χ2=48.180, p<0.001, Fig. 2 (Fig. 3) .
We further explore the differences of LRR and LRFS in patients with primary tumors in outer or central quadrants and patients with tumor in inner quadrant. There was no significant difference in low-risk group (0-1 risk factors) between two groups, but patients with primary tumor in inner quadrant showed higher LRR and poorer LRFS when risk factors is ≥2 than patients with tumors in outer or central quadrants (Table 3) .
Discussion
The main finding of this study is that inner quadrant tumor is an independent predictor for LRR and LRFS in early breast cancer patients with one to three positive axillary lymph nodes. In addition to that, with the increase of risk factors (≥2 risk factors), the LRR of patients with tumor in inner quadrant rise rapidly, LRFS significantly reduced, while there is no significant change in patients with primary tumors in outer or central quadrants.
It has been proved that early breast cancer patients with one to three positive axillary lymphadenophy could benefit from postoperative radiotherapy. The result of meta-analysis of 8135 women in 22 randomised trials performed by EBCTCG [12] showed that after mastectomy and axillary dissection, radiotherapy reduced both recurrence and breast cancer mortality in patients with one to three positive lymph nodes even when systemic therapy was given. The result of phase III clinical trial performed by Danish Breast Cancer Research Group (DBCG82b&c) [15] revealed that the 15-year LRR rate of patients with one to three positive nodes reduced from 27% to 4% after receiving postoperative radiotherapy (p<0.001), and the 15-year OS increased from 48% to 57% (p=0.03). In Canada NCIC-CTG MA.20 Research [16] , 85% of patients were with one to three positive lymph nodes and the results showed that the regional lymph node irradiation could significantly improve DFS and OS (p=0.003 and 0.07). The latest NCCN clinical guidelines [17] also strongly recommended regional nodal radiation therapy for patients with one to three-positive lymph nodes. Figure 3 . Kaplan-Meier survival curve for patients with one to three positive axillary lymphadenopathy stratified into low-, medium-and high-risk loco-regional recurrence. The LRR free survival (LRFS) curve for patients with one to three positive axillary lymphadenopathy stratified into low-, medium-and high-risk loco-regional recurrence (A); The distant metastasis free survival (DMFS) curve for patients with one to three positive axillary lymphadenopathy stratified into low-, medium-and high-risk loco-regional recurrence (B); The overall survival (OS) curve for patients with one to three positive axillary lymphadenopathy stratified into low-, medium-and high-risk loco-regional recurrence (C). Previous studies suggested that the high-risk patients should been screened out according to the number of risk factors and receive postoperative radiotherapy because of proportional larger gains. However, there were no consistent results on the predictive value of primary tumor site for loco-recurrence in early breast cancer patients [18] [19] [20] [21] [22] [23] [24] . Janni et al. [19] reported that primary tumor site had no significant effect on disease-free survival (DFS) and OS. Jayasinghe et al. [20] reported that the 10-year OS of patients with primary tumor in central quadrant was significantly lower than that of patients with inner and outer quadrant primary tumor, and there was no difference in latter two groups. Gaffney et al. [21] reported that patients with outer tumor location demonstrated superior breast cancer-specific survival (BCSS) and OS compared with patients with inner quadrant location on Kaplan-Meier analysis (p<0.001). Hazrah et al. [22] reported that patients with inner and periareolar quadrant tumor had a higher hazard for systemic disease relapse (p=0.02 and p=0.04, respectively). Colleoni et al. [23] reported that the 10-year DFS and OS of patients with medial tumors was significant superior to those with non-medial tumors (p=0.01 for DFS and p=0.04 for OS).
The results of this study showed that inner quadrant tumor is also an independent predictor for LRR and LRFS in early breast cancer patients with one to three positive axillary lymph nodes. The supraclavicular and IMLN LRR rate of patients with primary tumor in inner quadrant was significant higher than that of patients with outer or central quadrant tumor location (11.4% vs. 3.7%, p<0.001), and this may be attributed to the fact that the main lymphatic drainage of inner and central breast is to IMLN and then drainages to the supraclavicular lymph nodes. In clinical work, the monitoring of IMLN often be ignored before or after treatment, which leads to the metastasis of IMLN could not be detected and treated timely. The IMLN detection were not conventionally performed on the patients enrolled in this research, so the conclusion of this study may not apply to the patients who have received IMLN examination before treatment. Another valuable finding in this study is that with the increase of risk factors (≥2 risk factors), the LRR of patients with tumor in inner quadrant rise rapidly, LRFS significantly reduced, while there is no significant change in patients with primary tumors in outer or central quadrants, so we recommend that adjuvant radiotherapy should be considered for the former patients in order to reduce the risk of LRR.
The result that the number of detected axillary lymph node had no significant influence on 5-year LRR (<10 vs. ≥10) s different from previous studies. The reasons are as follows: Firstly, there are certain individual differences in the number of axillary lymph nodes; Secondly, as a single center study, although the number of detected axillary lymph nodes may be different in different periods, the surgeon would perform lymph node dissection according to similar principles, so there was little difference in the actual number of detected lymph nodes.
There are several potential limitations in our study. The main limitation of our study was its retrospective feature, and several different chemotherapy regimens were adopted, which may influence prognosis in a certain extent. Besides, pathologic serial section cutting technique were not adopted in majority patients of this study, which lead to lower detection rates of vessel invasion.
In conclusion, inner quadrant tumor is an independent predictor for LRR and LRFS in patients with early breast cancer and one to three positive axillary lymph nodes, which is more accurately in combination with other prognostic indexes including patient age, pathological T stage, Ki67 status, molecular subtypes.
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